iNtroduCtioN
According to the Indian Council of Medical Research-Indian Diabetes study (ICMR-INDIAB), a national diabetes study, India currently has 62.4 million people with diabetes. [1] This is set to increase to over 100 million by 2030. [2] The majority of people with diabetes (>90%) have Type 2 diabetes (T2DM). While T2DM predominantly affects older individuals in developed countries, in developing nations like India, it affects the younger population in the prime of their working lives and thus poses an even greater threat to the health of these individuals. [1, 3] This epidemic of diabetes is unfortunately paralleled by a corresponding increase in the prevalence of its complications, both microvascular and macrovascular, which account for much of the premature morbidity and mortality due to diabetes in India. [4] [5] [6] [7] [8] Given the rapid escalation of the diabetes epidemic, all levels of prevention (primary, secondary and tertiary diabetes prevention) need to be put into action simultaneously. Unfortunately, more than 50% of people with T2DM remain undiagnosed. [9] Thus the priority is to screen, diagnose and treat as many people with T2DM as possible. In a hugely populated country like India with over 1.2 billion people with diverse cultures, the screening and diagnosing methods for diabetes should be simple, cost-effective and less time-consuming and should also take into consideration the unique risk factors for, and increased susceptibility to, T2DM that the Asian Indians have. The latter is referred to as the "Asian Indian Phenotype". [9, 10] The Indian Diabetes Risk Score (IDRS) was initially developed by us at the Madras Diabetes Research Foundation (MDRF, Chennai) as a simple tool to help detect undiagnosed T2DM in the community. [11] Others in India have also developed similar risk scores. [12] Hence for the purpose of this article we have called our risk score as the MDRF-IDRS to distinguish our score from other scores in India. We later found that the MDRF-IDRS can be used in many other clinical and epidemiological settings. This paper will review the development of MDRF-IDRS and its expanding role and application in the field of diabetes and related metabolic disorders.
evolutioN aNd developmeNt of madras diaBetes researCh fouNdatioN -iNdiaN diaBetes risk sCore
The Chennai Urban Rural Epidemiology Study (CURES) is a large cross-sectional study carried out in Chennai (formerly Madras), the largest city in Southern India and the fourth largest in India, with a population of about 7 million people. The sampling for CURES was based on the model of systematic random sampling, wherein from the 155 wards, 46 were selected from which 26,001 individuals were selected to represent all the 10 corporation zones of Chennai. The detailed methodology is described elsewhere and hence will not be detailed further here. [13] The data from CURES was used to develop IDRS.
The IDRS was developed using four simple parameters, namely age, family history of diabetes, waist circumference and physical activity based on a multiple logistic regression model used to help identify undiagnosed diabetes in the community as described elsewhere. [11] Briefly, the information for these risk factors was obtained by four questions and a simple waist circumference which were given scores derived from the logistic regression as shown in Table 1 . Subjects with an IDRS value of <30 were categorized as low risk, those between 30 and 50 as medium risk and those with ≥60 as high risk for diabetes. Receiver Operating Curves (ROC) were constructed to identify the optimum value (≥60%) of IDRS for determining diabetes as diagnosed using WHO Consulting Group Criteria. [14] We found that an IDRS value ≥60 had the optimum sensitivity (72.5%) and specificity (60.1%) for determining undiagnosed diabetes in the community with a positive predictive value of 17.0%, negative predictive value of 95.1%, and accuracy of 61.3%. [11] Thus, a simple tool, the MDRF-Indian Diabetes Risk Score (MDRF-IDRS) was developed to identify undiagnosed diabetic subjects in the population.
validatioN of mdrf-idrs By other studies
The MDRF-IDRS was later validated in the Boolor Diabetes study in Karnataka state [15] where using IDRS, screening of nearly one-third of the population of Boloor locality in Mangalore was done. In that study using an IDRS score ≥60, 62.2% of people living with undiagnosed diabetes in that population could be detected, with a specificity of 73.7% which is almost identical to our study. [11] Further validation of MDRF-IDRS was done by Gupta, et al., by estimating the prevalence of diabetes in rural and urban Tamil Nadu. [16, 17] The prevalence of diabetes was 8.3% in urban areas and 5.9% in rural areas. The subjects with diabetes had higher IDRS scores (76% in urban and 56% in rural) than the general population (31%) and the differences were significant. [16, 17] This indicates that IDRS has excellent predictive value for detecting undiagnosed diabetes in the community and IDRS was also a much stronger risk indicator than examining individual risk factors like age, family history, obesity or physical activity.
iNCideNCe of diaBetes
The prevalence of diabetes in India has been reported by several cross-sectional studies. However, there are virtually no longitudinal, population-based studies on the incidence of diabetes from India. The Chennai Urban Population Study [CUPS] is one of the few longitudinal epidemiological studies on diabetes conducted in India till date. The baseline study was completed in 1996-97 and the follow-up was conducted after a mean period of eight years. [18] The CUPS [17] showed that subjects with IDRS score ≥60 at baseline also had the highest proportion of conversion to diabetes (27.8%) followed by those with medium risk score of IDRS (16.9%) and was lowest in those with low IDRS (<30), (5.6%, P < 0.001). Moreover, 38.4% of 'converters' to either diabetes or pre-diabetes had high IDRS scores at baseline. IDRS had the highest relative risk (RR) for In clinic-based settings, we often end up with limited time to classify diabetes patients, counsel them, and initiate treatment. Moreover, not all patients can afford costly investigations to classify diabetes, like C-Peptide assay or Glutamic Acid Decarboxylase GAD-antibodies. This highlights the need for a simple and inexpensive tool which can be used as an initial step to screen for and classify diabetes.
In a study done by Sharma, et al., [19] 8747 diabetic patients attending our centre were independently classified by a diabetologist (who was not aware of the IDRS score) as "T2DM" or "non-T2DM" which included T1DM and other types of diabetes. The IDRS was then calculated for each patient at first visit by an independent observer who was unaware of the clinical status of the patient. Receiver Operating Characteristic (ROC) curves were constructed and the optimal IDRS cutoff points for predicting T2DM and non-T2DM were calculated. Of the 8747 patients analyzed, 204 (2.3%) were classified as non-T2DM and 8543 (97.7%) as T2DM. In the ROC analysis, an IDRS ≥ 60 had an area under the curve (AUC) of 0.894 with a sensitivity of 83.8% and specificity of 81.0% to predict T2DM. Conversely, an IDRS <60 had an AUC of 0.882 with sensitivity of 79.9% and specificity of 83.8% to predict non-T2DM. [19] This was confirmed in another study [20] conducted at Manipal in Karnataka to see whether a low IDRS score could pick up patients with secondary diabetes, more specifically steroid-induced diabetes. [20] It was found that all patients with steroid-induced diabetes had IDRS <60. Thus, a low IDRS could be used as a simple tool to alert the clinician that the patient may be having other types of diabetes (other than T2DM) while a score of ≥60 can be used as a pointer to T2DM. [19, 20] This is not surprising as the risk factors included in the IDRS, namely age, family history of diabetes, physical inactivity and waist circumference are all risk factors of T2DM and not for T1DM, secondary diabetes or other forms of diabetes.
idrs aNd deteCtioN of CompliCatioNs of diaBetes
With the prevalence of diabetes on the rise, the complications of T2DM, such as retinopathy, nephropathy, neuropathy, peripheral vascular disease (PVD) and coronary artery disease (CAD) are also rising in India and this could have devastating results.
[3-8] Asian Indian T2DM subjects may be at greater lifetime risk for these complications due to the earlier onset of their disease. [3, 21] We took up a study to see whether the diabetic individuals identified by IDRS might also possibly have a higher prevalence of diabetes-related complications. This study showed that the prevalence of several diabetic complications was higher among subjects in the high-risk category of IDRS ≥60. [22] Thus, CAD [9.2% vs. 5.4%, P = 0.043], diabetic peripheral neuropathy [29.2% vs. 8.8%, P < 0.001] and PVD [4.8% vs. 1.9%, P = 0.038] were all significantly higher among subjects in the high-risk category [IDRS ≥ 60] compared to those with IDRS score <60. In the regression analysis, the odds ratio (OR) for neuropathy was 4.27 (95% CI: 2.74-6.67, P < 0.001), for PVD it was 2.57 (95% CI: 1.02-6.46, P = 0.045) and for CAD it was 1.79 (95% CI: 1.01-3.18, P = 0.046) in subjects with IDRS ≥ 60. Even after adjusting for the duration of diabetes, neuropathy [OR: 4.03, 95% CI: 2.55-6.37, P < 0.001); and PVD [OR: 2.54, 95% CI: 1.01-6.41, P = 0.049] were associated with IDRS ≥60 [22] . However, IDRS did not show any significant association with diabetic retinopathy or macroalbuminuria.
Thus, use of IDRS for targeted screening in T2DM patients could help pick up those who are likely to have CAD, PVD and neuropathy.
idrs aNd Cardio-metaBoliC disease
Diabetes shares many risk factors with other non-communicable diseases like age, physical inactivity, waist circumference, insulin resistance, dyslipidemia and high blood pressure. Diabetes is also a cardiovascular risk equivalent. [23] Hence, we did studies to determine the association of IDRS with individual cardiovascular risk factors and with metabolic syndrome as well as with CAD.
With increasing IDRS scores, <30, 30-50, and ≥60, the prevalence of hypertension: 9.4, 22.1 and 38.2% (P for trend: <0.001), hypertriglyceridemia: 8.8, 19.9 and 25.3% (P for trend: <0.001) and hypercholesterolemia: 7.2, 20.3 and 34.9% (P for trend: <0.001) also increased. Moreover, the mean IDRS increased significantly with worsening glucose intolerance (NGT, 48 ± 17; IGT, 57 ± 16; NDD, 61 ± 15; KD, 68 ± 12; and P for trend <0.001). The prevalence of metabolic syndrome in normal glucose-tolerant subjects also increased with IDRS scores-IDRS <30:1.8%, 30-50:14.6% and ≥60: 30.3 % (P for trend <0.001) [24] [ Figure 1 ]. Thus the prevalence of metabolic syndrome markedly increases in those with high IDRS Scores. This is not surprising as one of the factors included in the IDRS is waist circumference which is one of the components of the metabolic syndrome.
The prevalence of CAD in the high-risk IDRS group was significantly higher (2.2%) compared with the medium-risk IDRS group (0.8% P = 0.05) and the low-risk IDRS group (0.06% P = 0.03). [24] idrs aNd NoN-alCoholiC fatty liver disease
We recently showed that among non-diabetic subjects, the prevalence of NAFLD increased with an increase in IDRS scores. Subjects with IDRS ≥ 60 had significantly higher prevalence of NAFLD (30.4%) than subjects with low IDRS score (15%) (P = 0.022). In stepwise logistic regression analysis, along with glycated hemoglobin and Alanine aminotransferase/Aspartate aminotransferase (ALT/AST) ratio; a score of IDRS ≥ 60 had the odds of 1.78 for NAFLD (CI 1.04-3.06, P = 0.035). [25] Thus, IDRS not only helps to identify T2DM but also to identify metabolic syndrome, CAD and NAFLD in the community.
idrs aNd arterial stiffNess
Coronary atherosclerosis has been shown to be initiated early in life, many years before clinical manifestations of CAD occur. [26] Changes in the arterial wall can lead to increased arterial stiffness, which has been shown to influence cardiovascular prognosis adversely. [27] Augmentation index (AI) is a non-invasive index of arterial stiffness and has been shown to be associated with the presence of coronary atherosclerosis and increased cardiovascular risk. [28, 29] A study done by us [30] on non-diabetic subjects showed that arterial stiffness values increased with an increase in IDRS. Subjects with IDRS ≥ 60 had significantly higher AI (24.6 ± 7.2) compared to subjects with IDRS 30-60 (16.4 ± 5.5) and with IDRS <30 (13.3 ± 4.5), and the trend was statistically significant (P < 0.001). Moreover, IDRS was independently associated with arterial stiffness with an OR of 6.4, (P < 0.001), even after adjusting for smoking, blood pressure, insulin resistance and lipid profile. [30] idrs aNd sleep aBNormalities
It is well known that sleep abnormalities are common in those with obesity, diabetes and cardiovascular disease. [31] [32] [33] We therefore investigated the prevalence and risk factors of sleep abnormalities and their relationship to cardio-metabolic factors in urban South India. It was found that the prevalence of both 'snoring' and 'daytime sleepiness' increased dramatically with an increase in IDRS scores (prevalence of snoring: 22.2% in IDRS <30, 31.4% IDRS 30-50, and 48.2% IDRS ≥ 60, trend χ 2: 11.14, P = 0.001; Daytime sleepiness: 33.3% in IDRS < 30, 54.5% in IDRS 30-50, and 63.7% in IDRS ≥ 60, trend χ 2: 5.12, P = 0.024). [34] This forms one more extension for the use of the MDRF-IDRS.
ComparisoN of idrs aNd tCf7l2 GeNotypiNG for deteCtiNG of diaBetes
With increasing number of people with diabetes worldwide and particularly in India there is a necessity for low-cost screening tests which can apply on a large scale. Recently, the TCF7L2 gene had emerged as the strongest genetic marker for T2DM. [35, 36] Some companies have started marketing TCF7L2 genotyping to predict diabetes in the community.
[37] We wanted to compare the IDRS vs. TCF7L2 genotype to screen for diabetes in the community. We studied subjects without known diabetes, (n = 961) and compared the effectiveness and costs of screening tests for undiagnosed Type 2 diabetes mellitus using: 1. Oral glucose tolerance testing (OGTT) in all individuals, 2. OGTT only in those with a high IDRS, 3. OGTT after genotyping of the TCF7L2 gene (rs 12255372 and rs 7903146 polymorphisms). [38] In this study, doing OGTT on all individuals identified 72 subjects with newly diagnosed diabetes (NDD). IDRS screening (cutoff ≥ 60) yielded 413 positive subjects which included 54 (75%) of the 72 NDD identified by OGTT. Genotyping of TCF7L2 yielded 493 positive subjects which only included 36 (50%) of the 72 NDD subjects showing less discriminatory power of genotyping. Screening with genotyping missed 27 (37.5%) of NDD subjects identified by IDRS. In contrast, IDRS missed only 9 (12.5%) of the NDD subjects identified by genotyping. [38] Thus it is clear that for predicting the presence of undiagnosed diabetes in India, the MDRF-IDRS is more efficient and much less expensive than genotyping or even doing OGTT on the whole population.
idrs aNd post-meNopausal womeN
The Santiniketan Women Study [39] was done in West Bengal to evaluate the use MDRF-IDRS with respect to menopausal status in Asian Indian women. This study revealed that of the 102 pre-menopausal women, 9% had high IDRS, whereas, of the 34 post-menopausal women, 38% had high IDRS (χ 2 = 16.13; P < 0.001). Furthermore, there was a trend for decreased IDRS with increasing education level suggesting that with better education, exercise levels were higher and central obesity rates were lower. Figure 2 summarizes the multiple applications and the uses of the MDRF-IDRS. It helps to identify undiagnosed diabetic subjects in the population [11, 15] and in both urban and rural settings. [16, 17] IDRS helps to discriminate T2DM from secondary causes of diabetes like steroid-induced diabetes [20] and also helps to distinguish Type 2 from all forms of 'non-Type 2' diabetes mellitus. [19] It helps to identify metabolic syndrome, and cardio-metabolic risks in normoglycemic subjects. [24] Also, among non-diabetic individuals, IDRS is associated with NAFLD, and arterial stiffness; [25, 30] IDRS is also associated with complications of diabetes, like neuropathy and peripheral vascular disease. [22] For large-scale screening for diabetes, using IDRS is much less expensive than genotyping and it also makes it more cost-effective than doing OGTT on the whole population to detect undiagnosed T2DM in India. [38] One of the limitations of the MDRF-IDRS is that, as it was derived from an Asian Indian population, its use is probably restricted to South Asians and for other populations similar scores might have to be developed.
CoNClusioN
The major advantage of the MDRF-IDRS is that it can even be done online and thus can reach millions of people in India (to calculate IDRS through a website, http://www. drmohansdiabetes.com/). Thus in short, the MDRF-IDRS is a simple, very low-cost screening tool which has multiple potential applications in clinical and in epidemiological settings in India.
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